The unexpected occurrence of acute myocardial infarction shortly after performance of a multistage test of maximal exercise by a normal 42-year-old subject is described. There was no evidence of infarction after this exhausting effort, but symptoms occurred immediately on exposure to hot water while he was taking a shower a few minutes later. Cardiac arrest from ventricular fibrillation occurred after ECG evidence of acute infarction. Following successful defibrillation and coronary care, there was satisfactory recovery from massive anterior wall infarction. Incidence, possible pathophysiological mechanisms, and precautions are cited.
SUMMARY
The unexpected occurrence of acute myocardial infarction shortly after performance of a multistage test of maximal exercise by a normal 42-year-old subject is described. There was no evidence of infarction after this exhausting effort, but symptoms 
Report of Case
On November 22, 1967, E.H., a 42-year-old white male educator, reported to the exercise Ventricular fibrillation laboratory for performance of a routine treadmill test of maximal exercise tolerance. The subject was a member of a group of men whose electrocardiographic responses to exercise had been measured periodically. Evaluation 3 years previously had revealed a normal resting electrocardiogram, no cardiac pathology, and no segmental S-T response to maximal exercise on a treadmill. An interim history revealed no illness or symptoms. In terms of coronary risk factors, he had ingested a high fat diet and smoked two packs of cigarettes daily until 40 years of age. A few months before, he had experienced stressful interpersonal relations with his family, but these were relieved by a separation. At this examination, he was a well-developed, healthy white male, who was 188 cm tall and who weighed 70.8 kg. Blood pressure was 112/70 mm Hg. Heart rate was 80 beats/min and regular. Physical examination again failed to reveal evidence of cardiac pathology. An electrocardiogram ( fig. IA) , identical to that of 3 years before, was considered to be within normal limits. The subject performed a standardized maximal exercise tolerance test which involved walking to exhaustion as both treadmill speed and grade increased at 3 min intervals as reported elsewhere. ' Continuous electrocardiographic monitoring was carried out employing a Frank X, Y, and Z orthogonal lead system, as well as a standardized were also continuously displayed on a cathode ray oscilloscope and the bipolar CB-5 lead was intermittently recorded with direct writing apparatus. Blood pressure was recorded with a mercury sphygmomanometer before exercise, at 0 recovery (moment of cessation of exercise), and at 3 and 6 min after 0 recovery ( Following exercise, the subject walked down two flights of stairs to the shower room where he was instructed to take a lukewarm shower, specifically "not too hot or too cold," and then to report back to the examining physician. While in the shower, he was inadvertently scalded on two occasions when the water suddenly became hot as a toilet in an adjacent room was flushed. He immediately felt more tired than during the exercise test and suddenly became nauseated, felt faint, and found it difficult to dry and dress himself. He then reported to the examining physician on the same floor, as he had been instructed to do. At this time, he appeared hyperactive, irritable, anxious, and agitated, complaining of nausea which had developed while he was in the shower. Upon specific questioning he admitted to retrosternal chest pain extending to the arms which had developed concomitantly with the nausea.
An electrocardiogram taken immediately showed sinus rhythm and altered conduction in lead I. Of the precordial leads, only V2 was obtainable because of the marked agitation of the patient. This lead revealed a markedly elevated S-T segment and a peaked T wave, indicative of acute anterior wall myocardial infarct ( fig. lB) . Morphine sulfate, 10 mg, was given intramuscularly for pain and agitation. Within a 5-min period, the rhythm changed to a slightly irregular tachycardia (probably ventricular) at a rate of 240 to 260 beats/min, and progressed rapidly through a more irregular stage to ventricular fibrillation ( fig. 3A and B) . The It is noteworthy that myocardial infarction is an extremely rare complication of maximal exercise testing when appropriate precautions are employed. These include selection to avoid patients with recent active myocardial or pulmonary lesions, and professional monitoring during the testing. With such selection and supervision, safety has been assured in over 2,000 individuals (the majority of whom were cardiac patients) in Seattle13 and in over 2,000 men participating in epidermiological studies in Taiwan. The supervised monitoring as demonstrated in this patient should not end abruptly when the test is completed.
Finally, the concept of predictive value of exercise electrocardiography remains unchallenged, although the specificity of an apparently negative response to exclude the likelihood of subsequent myocardial infarction was fallible under the immediate circumstances in this particular individual. From the cumulative experience on thousands of individuals over a period of 5 years in testing both healthy subjects and properly screened ambulatory cardiac patients, as well as additional experience over the ensuing 4 months, this instance remains the only known example of myocardial infarction occurring shortly after maximally tolerated exercise utilizing the multistage treadmill test. Indeed, it should be noted that the initial work load of stage I for 3 min is substantially less stressful in energy expenditure than the well-established and clinically familiar Master "two-step" test. Perhaps the safety of this multistage test, in addition to the principles of prior medical examination and professional supervision of the test, is the fact that the patient is also monitoring his own performance and is allowed to stop the exertion on self-determined symptoms. There is no requirement to complete some arbitrarily prescribed number of steps, workload, heart rate, oxygen intake, or any other fixed criteria. In reality, whenever patients are unable to complete such fixed load tests, the stress may well be in excess of their capacity to perform that much exertion. In view of these considerations, the multistage treadmill test is still used, both for physiological research and clinical testing purposes, with appropriate selection and supervision to assure the safety of each individual.
